Introduction
============

Esophageal carcinoma (EC) is one of the most common aerodigestive tract malignant tumors and is the sixth leading cause of mortality.[@b1-ott-11-4221],[@b2-ott-11-4221] Esophageal squamous cell carcinoma (ESCC) may account for 90% of EC in the high-risk areas, especially in some areas of China.[@b3-ott-11-4221] Despite significant improvements in diagnostic techniques and therapeutic modalities, the prognosis of individuals with ESCC remains poor.[@b4-ott-11-4221] According to the National Comprehensive Cancer Network guidelines, ESCC patients without lymph node metastasis (pN0) undergoing complete tumor resection may not receive adjuvant therapy. However, the 5-year survival rate of ESCC patients in this stage is only \~70%.[@b5-ott-11-4221] Additionally, patients in the same stage tend to have obviously different survival statuses. Thus, we should further stratify patients based on their differential prognosis and then provide individualized treatment to improve the overall survival (OS).

Proliferation, migration and invasion are the important biological characteristics in most malignancies that affect patient prognosis. Centrosomal protein 55 (CEP55), also known as FLJ10540, C10orf3 and URCC6, is the latest identified member of the centrosome- and midbody-associated protein family, and it mainly participates in the process of cytokinesis.[@b6-ott-11-4221] Accumulating evidence has shown that CEP55 was overexpressed in multiple tumors.[@b7-ott-11-4221]--[@b16-ott-11-4221] Interestingly, it was identified as a prognostic signature, and its overexpression was significantly correlated with the poor prognosis of patients with oral cavity squamous cell carcinoma, epithelial ovarian carcinoma, hepatocellular carcinoma, prostate cancer and pancreatic cancer, among others.[@b7-ott-11-4221],[@b11-ott-11-4221],[@b13-ott-11-4221],[@b14-ott-11-4221],[@b16-ott-11-4221]--[@b20-ott-11-4221] In addition, some studies have demonstrated that CEP55 overexpression may promote the proliferation, migration and invasion of tumor cells.[@b9-ott-11-4221],[@b13-ott-11-4221],[@b15-ott-11-4221] However, the prognostic value of CEP55 in patients with pN0 ESCC and its biological function in ESCC cells remain unclear.

The phosphatidylinositol-3-kinase (PI3K)/Akt pathway is an important signaling pathway that is implicated in multiple oncogenic processes, including cell proliferation, differentiation, apoptosis, epithelial--mesenchymal transition (EMT), migration and invasion.[@b13-ott-11-4221],[@b15-ott-11-4221],[@b21-ott-11-4221]--[@b23-ott-11-4221] Some studies have shown that the PI3K/Akt pathway may interact with other molecules to modulate the biological behavior of ESCC cells.[@b24-ott-11-4221]--[@b26-ott-11-4221] Additionally, it was reported to participate in the process of CEP55-mediated proliferation, migration, invasion and transformation in multiple tumors.[@b9-ott-11-4221],[@b13-ott-11-4221],[@b15-ott-11-4221] However, whether the PI3K/Akt pathway is involved in CEP55-mediated malignant behavior and biological interactions of ESCC cells is not fully understood.

In this study, we demonstrated that CEP55 is overexpressed in ESCC. Furthermore, we elucidated that CEP55 promotes cell proliferation in vitro and in vivo, modulates cell invasion and migration, and induces ESCC cells to undergo EMT via the PI3K/Akt pathway. Our results confirmed that CEP55 may act as a promising prognostic marker in patients with pN0 ESCC after Ivor-Lewis esophagectomy with two-field lymphadenectomy. Additionally, CEP55 or the PI3K/Akt pathway may be the potential target for postoperative adjuvant treatment.

Patients and methods
====================

Patient recruitment
-------------------

Thirty pairs of frozen ESCC tissues and their corresponding noncancerous esophageal tissues (\>5 cm from the margin of the tumor) were collected from Shandong Provincial Hospital Affiliated to Shandong University from December 2015 to May 2016. In addition, 195 formalin-fixed paraffinembedded tumor specimens were harvested from patients who underwent Ivor-Lewis esophagectomy with two-field lymphadenectomy from January 2005 through December 2007.[@b27-ott-11-4221] All patients achieved complete tumor resection (R0), and the number of lymph node dissections was \>12 (12--28, average 17.6). Additionally, they were all pathologically diagnosed as pN0 ESCC, and preoperative neoadjuvant chemotherapy and postoperative adjuvant treatment were not imposed. Clinicopathologic data are listed in [Table 1](#t1-ott-11-4221){ref-type="table"}.

This study was approved by the Ethics Committee of Shandong Provincial Hospital Affiliated to Shandong University in accordance with the ethical guidelines of the Declaration of Helsinki. Written informed consent was obtained from all participants.

Cell culture and transfection
-----------------------------

Five established human ESCC cell lines (Eca109, KYSE150, KYSE450, EC9706 and TE-1) and one normal human esophageal epithelial cell line (HET-1A) were purchased from the Cell Bank of the Shanghai Institute in China. All cells were maintained in Roswell Park Memorial Institute (RPMI)-1640 medium supplemented with 10% fetal bovine serum (FBS; Thermo Fisher Scientific). Human CEP55 shRNA and overexpressing vector were chemically synthe-sized and packaged into lentiviruses (Genechem, Shanghai, China). Puromycin at 5 µg/mL was used to select the stable transfections for 1 week. Cells transfected with shRNA, scramble sequence, overexpression vector and control vector were separately labeled as shCEP55, Scramble, CEP55 and Vector. Cells without lentiviruses transfection were labeled as Blank control. LY294002, wortmannin and MK2206 (Selleckchem, Houston, TX, USA) were used to determine the involvement of the PI3K/Akt pathway in CEP55-mediated cell proliferation, migration and invasion.

Immunohistochemistry and immunohistochemical score (IHS)
--------------------------------------------------------

We performed the streptavidin-peroxidase method to detect CEP55 expression in specimens.[@b28-ott-11-4221] Rabbit anti-CEP55 monoclonal antibodies (Abcam Inc., Cambridge, MA, USA) were used at a dilution of 1:150. The secondary biotinylated antibody kit was purchased from ZSGB Biotech (Beijing, China). Two independent pathologists blinded to the clinical data were invited to evaluate the sections. The method and procedure of IHS can be referenced in our previous research.[@b29-ott-11-4221]

RNA extraction and quantitative reverse transcription-polymerase chain reaction (qRT-PCR)
-----------------------------------------------------------------------------------------

Total RNA was extracted from the tissue specimens and cell lines. The procedures of RNA extraction and qRT-PCR were described in a previous study.[@b28-ott-11-4221] The polymerase chain reaction primers were as follows: CEP55, 5′-TTGGAACAACAGATGCAGGC-3′ (forward primer) and 5′-GAGTGCAGCAGTGGGACTTT-3′ (reverse primer); β-actin, 5′-AGAGCCTCGCCTTTGCCGATCC-3′ (forward primer) and 5′-ATACACCCGCTGCTCCGGGTC-3′ (reverse primer).

Western blot analysis
---------------------

Proteins were extracted from the tissue samples and cell lines, and the total protein concentration was determined using a bicinchoninic acid kit. Equal amounts of protein (40 µg) were fractionated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and were transferred onto polyvinylidene difluoride membrane filters (EMD Millipore, Billerica, MA, USA). Next, 5% non-fat dry milk was used to block nonspecific binding. The membranes were incubated with primary antibodies. Following washing, the membranes were incubated with the corresponding secondary antibodies conjugated with horseradish peroxidase. Finally, the protein levels were quantified using an enhanced chemiluminescence detection system (Amersham imager 600; General Electric, Fairfield, CT, USA). The antibodies used in this study were as follows: CEP55, N-cadherin, Vimentin and Snail (1:1,000; Abcam Inc.); E-cadherin (1:1,000; Affbiotech, Cincinnati, OH, USA); Claudin-1 and GAPDH (1:1,000; Proteintech, Chicago, IL, USA); Akt (1:1,000; Omimabs, Alhambra, CA, USA) and pAkt^S473^ and pAkt^T308^ (1:1,000; Cell Signaling Technology, Danvers, MA, USA).

Cell counting kit-8 and clonogenic assays
-----------------------------------------

The cell counting kit-8 (CCK-8; Dojindo, Rockville, MD, USA) assay was performed to test the viability of cells with differential CEP55 expression. In total, 5×10^3^ cells were seeded into 96-well plates in 100 µL of medium, followed by incubation with 10 µL of CCK-8 per well at 24, 48 and 72 hours for 1 hour. We used a microplate reader to measure the absorbance at 450 nm. For the clonogenic assay, cells were seeded into six-well plates at a density of 500 cells/well. The cell colonies were stained with hematoxylin after 2 weeks and the colonies that contained \>50 cells were counted. The percentage of colony formation was calculated for each group. All these experiments were performed in triplicate.

Cell migration and invasion assays
----------------------------------

For both migration and invasion assays, the cells were pre-cultured in serum-free medium for 24 hours. The uncoated Transwells were used in the migration assay, while 40 µL of Matrigel (1:4; BD Biosciences San Jose, CA, USA) was precoated to the upper surface of the Transwells in the invasion assay. Next, 1.5×10^5^ starved cells were seeded into the upper chamber of 24-well Transwells (8 mm pore size polycarbonate membrane; EMD Millipore) with 200 µL of FBS-free medium, and 600 µL of medium with 15% FBS was added to the lower chamber. The migration assay was incubated for 24 hours, and the invasion assay proceeded for 48 hours. Next, the cells on the lower surface of the membrane were fixed and stained, and the cells were counted from three independent visual fields.

Tumor xenografts in mice
------------------------

Six-week-old BALB/c nude mice (five mice per group) were fed in a pathogen-free animal facility. In total, 2×10^6^ cells suspended in 200 µL of PBS were injected subcutaneously into unilateral flanks. We used a Vernier caliper to measure the length (a) and width (b) of the xenografted tumors every 4 days for 24 days. The tumor volume (V) was calculated using the following formula: V=(a×b[@b2-ott-11-4221])/2. The mice were sacrificed by cervical dislocation, and their tumors were weighed. The volume and weight of five tumors in each group were calculated and statistically analyzed. All procedures related to animal handling, care and treatment were performed in strict accordance with the recommendations of regulations on the management of experimental animals, which were approved by the State Council of the People's Republic of China on October 31, 1988 and promulgated by Decree No 2 of the State Science and Technology Commission on November 14, 1988. Additionally, the protocol was approved by the Animal Ethics Committee of Shandong Provincial Hospital Affiliated to Shandong University.

Statistical analysis
--------------------

The quantitative data were expressed as the mean ± SD. The differences between two groups were calculated using two-tailed Student's test, and the differences among more than two groups were calculated by one-way analysis of variance. The chi-squared test was used to analyze the relationship between CEP55 expression and clinicopathologic variables. The survival curves were calculated by the Kaplan--Meier method. Univariate and multivariate analyses were performed to evaluate the prognostic factors. A statistically significant difference was represented by a two-tailed *P*-value \<0.05. Statistical analysis of survival was performed using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA).

Results
=======

Expression of CEP55 in ESCC
---------------------------

The expression of CEP55 was investigated in 30 pairs of frozen ESCC tissues and corresponding noncancerous esophageal tissues using immunohistochemistry and Western blot analysis. Significant staining was readily detected in the cytoplasm of tumor cells ([Figure 1Aa](#f1-ott-11-4221){ref-type="fig"}), while weak immunostaining was seen in noncancerous tissue ([Figure 1Ab](#f1-ott-11-4221){ref-type="fig"}). Furthermore, the expression of CEP55 in all 30 tissue pairs was verified through Western blot analysis. Additionally, it demonstrated higher CEP55 expression in cancerous tissues than that in corresponding noncancerous tissues (CEP55/GAPDH: 0.71±0.14 vs 0.49±0.09, *P*\<0.001; [Figure 1Ba](#f1-ott-11-4221){ref-type="fig"}). The bands of Western blotting in eight representative pairs of tissues are shown in [Figure 1Bb](#f1-ott-11-4221){ref-type="fig"}.

CEP55 overexpression may lead to a poor prognosis of pN0 ESCC
-------------------------------------------------------------

According to the IHS criteria, we divided all 196 pN0 ESCC patients into two groups: 124 cases (56.7%) were categorized as the overexpression group and 72 cases as the low expression group. Next, the clinicopathologic characteristics (including age, gender, tumor size, T status, degree of differentiation and CEP55 expression) were analyzed ([Table 1](#t1-ott-11-4221){ref-type="table"}). The chi-squared analysis demonstrated that the expression of CEP55 was positively associated with tumor size (*P*=0.012) and T status of the tumor (*P*=0.021). By contrast, there were no significant differences between CEP55 expression and age, gender or degree of differentiation.

In total, 107 of 196 pN0 ESCC patients were confirmed to have survived the disease. Seventy-nine cases were found to have a progression-free survival (PFS) status within 5 years after Ivor-Lewis esophagectomy with two-field lymphadenectomy. The OS and PFS times were 56.1±1.37 and 50.3±1.52 months, respectively. Kaplan--Meier analysis was used to calculate the effects of the patients' clinicopathologic characteristics on the OS and PFS rates. The log-rank test showed that both the OS (69.4% vs 46.0%, *P*=0.001; [Figure 1Ca](#f1-ott-11-4221){ref-type="fig"}; [Table 2](#t2-ott-11-4221){ref-type="table"}) and PFS (52.8% vs 33.1%, *P*=0.001; [Figure 1Cb](#f1-ott-11-4221){ref-type="fig"}; [Table 2](#t2-ott-11-4221){ref-type="table"}) rates were significantly decreased for pN0 ESCC patients with CEP55 overexpression. Furthermore, multivariate analysis revealed that CEP55 overexpression was an independent prognostic risk factor for both OS (*P*=0.012; [Table 2](#t2-ott-11-4221){ref-type="table"}) and PFS (*P*=0.028; [Table 2](#t2-ott-11-4221){ref-type="table"}). As expected, T status was an important prognostic factor of tumor patients. The results of this study also suggested that advanced T status may lead to a poor prognosis of ESCC patients (*P*\<0.001; [Table 2](#t2-ott-11-4221){ref-type="table"}).

Cell transfection
-----------------

The expression of CEP55 in five ESCC cell lines and HET-1A was detected via qRT-PCR and Western blot analysis. Compared with HET-1A, CEP55 was overexpressed in both the mRNA ([Figure 2Aa](#f2-ott-11-4221){ref-type="fig"}) and protein ([Figure 2Ab](#f2-ott-11-4221){ref-type="fig"}) levels in tumor cells, especially in KYSE450 cells. Thus, Eca109 and KYSE450 cells were used to knock down CEP55 with shRNA. Additionally, EC9706 cells were used to upregulate CEP55 with the overexpression vector. Compared with the Blank control and Scramble groups, cells transfected with shCEP55-1 and shCEP55-2 obviously downregulated CEP55 (*P*\<0.05), especially shCEP55-1 ([Figure 2Ba and Bb](#f2-ott-11-4221){ref-type="fig"}). Therefore, this sequence was selected for the subsequent experiments. Likewise, CEP55 was significantly upregulated in the CEP55 group compared with that in the Blank control and Vector groups ([Figure 2Ba and Bc](#f2-ott-11-4221){ref-type="fig"}).

CEP55 may promote the proliferation of ESCC cells
-------------------------------------------------

Both in vitro and in vivo assays were performed to explore the oncogenic role of ESCC. The CCK-8 assay showed that CEP55 depletion was markedly decreased, but CEP55 over-expression significantly increased the OD value at 450 nm at every interval examined (*P*\<0.05; [Figure 3Aa--c](#f3-ott-11-4221){ref-type="fig"}). Clonogenic assays showed that CEP55 knockdown abrogated the colony-formation ability of Eca109 and KYSE450 cells (*P*\<0.001; [Figure 3Ba and Bb](#f3-ott-11-4221){ref-type="fig"}). By contrast, CEP55 upregu-lation enhanced this ability of colony formation in EC9706 cells (*P*\<0.01; [Figure 3Bc and Bd](#f3-ott-11-4221){ref-type="fig"}). The pro-survival role of CEP55 in ESCC cells was also determined in vivo. Both the volume (*P*\<0.001; [Figure 3Ca](#f3-ott-11-4221){ref-type="fig"}) and weight of the tumors (1.87±0.31 vs 0.74±0.20 g, *P*\<0.001; [Figure 3Cb](#f3-ott-11-4221){ref-type="fig"}) were significantly attenuated in CEP55-deficient Eca109 cells. Conversely, CEP55 overexpression markedly increased both the volume (*P*\<0.001; [Figure 3Cc](#f3-ott-11-4221){ref-type="fig"}) and weight (1.02±0.24 vs 2.08±0.32 g, *P*\<0.001; [Figure 3Cd](#f3-ott-11-4221){ref-type="fig"}) of the xenografted tumors in EC9706 cells.

CEP55 may enhance the migration and invasion and mediate the EMT of ESCC cells
------------------------------------------------------------------------------

The effect of CEP55 on cell migration and invasion was investigated in ESCC. The Transwell assays indicated that CEP55 may enhance the migration and invasion of ESCC cells, showing that the number of migrated cells was markedly attenuated in CEP55-deficient Eca109 and KYSE450 cells (*P*\<0.01; [Figure 4Aa and Ab](#f4-ott-11-4221){ref-type="fig"}), but was significantly increased in CEP55-overexpressed EC9706 cells (*P*\<0.01; [Figure 4Ac and Ad](#f4-ott-11-4221){ref-type="fig"}). In addition, the invasive ability was altered with the changed expression of CEP55 in ESCC cells (*P*\<0.01; [Figure 4Ba--d](#f4-ott-11-4221){ref-type="fig"}).

Furthermore, we detected the expression of EMT markers (E-cadherin, N-cadherin, Claudin-1, Vimentin and Snail) based on CEP55 expression using Western blotting. As indicated in [Figure 4C](#f4-ott-11-4221){ref-type="fig"}, downregulation of CEP55 increased the expression of E-cadherin and Claudin-1, epithelial markers, and decreased the expression of N-cadherin, Vimentin and Snail, mesenchymal markers, in Eca109 and KYSE450 cells. By contrast, upregulation of CEP55 increased these mesenchymal markers (N-cadherin, Vimentin and Snail) and decreased the epithelial markers (E-cadherin and Claudin-1) in EC9706 cells.

CEP55 may promote the malignancy of ESCC through activation of the PI3K/Akt pathway
-----------------------------------------------------------------------------------

To detect whether CEP55 promoted the malignancy of ESCC via the PI3K/Akt pathway like other cancers, we investigated the effects of CEP55 knockdown or upregulation on the expression of phosphorylated Akt^S473^ (pAkt^S473^) and phosphorylated Akt^T308^ (pAkt^T308^). Western blotting confirmed that the expression of pAkt^S473^ and pAkt^T308^ was decreased in CEP55-deficient cells ([Figure 5A](#f5-ott-11-4221){ref-type="fig"}). Correspondingly, both pAkt^S473^ and pAkt^T308^ were significantly upregulated in CEP55-overexpressed cells ([Figure 5A](#f5-ott-11-4221){ref-type="fig"}).

Furthermore, we used LY294002 and wortmannin, PI3K inhibitors and MK2206, an Akt inhibitor, to verify the role of the PI3K/Akt pathway in CEP55-modulated cell proliferation, migration and invasion. Administration of LY294002 (20 µM), wortmannin (5 µM) and MK2206 (1 µM) markedly decreased the proliferation of ESCC cells. The increased OD value of 450 nm was abrogated in CEP55-overexpressed EC9706 cells (*P*\<0.001; [Figure 5Ba](#f5-ott-11-4221){ref-type="fig"}). Similarly, the potential of migration (*P*\<0.05; [Figure 5Bb](#f5-ott-11-4221){ref-type="fig"}) and invasion (*P*\<0.05; [Figure 5Bc](#f5-ott-11-4221){ref-type="fig"}) was also prevented in Transwell assays. In addition, to confirm that CEP55 regulated the EMT process via the PI3K/Akt pathway, we detected whether cadherin switching (downregulation of E-cadherin and upregulation of N-cadherin) can be reversed by the blockade of the PI3K/Akt pathway. As shown in [Figure 5Bd](#f5-ott-11-4221){ref-type="fig"}, cadherin switching was reversed by inhibition of the PI3K/Akt pathway, showing E-cadherin upregulation and N-cadherin downregulation. Taken together, CEP55 promoted proliferation, and enhanced migration and invasion by modulating EMT, at least partly, through activation of the PI3K/Akt pathway in ESCC cells.

Discussion
==========

Despite the significant improvements in therapeutic regimens, surgical resection is considered the first-line treatment for early and localized ESCC.[@b30-ott-11-4221] Ivor-Lewis esophagectomy with thoracic--abdominal two-field lymph node dissection has been widely accepted and commonly used due to its relatively lower surgical trauma and postoperative complications.[@b31-ott-11-4221],[@b32-ott-11-4221] pN0 ESCC patients in China are a particular entity; patients in this stage tend to accept primary surgery if the tumor can be completely resected. However, the prognosis of patients in this stage is not promising, and their prognostic tendencies vary greatly. Thus, there is a need to stratify individuals with pN0 ESCC based on their different prognoses and provide personalized treatment.

CEP55 was reported to be overexpressed in multiple cancers, such as head and neck squamous cell carcinoma, oral cavity squamous cell carcinoma, gastric cancer, breast cancer, lung cancer and pancreatic cancer.[@b7-ott-11-4221]--[@b11-ott-11-4221],[@b13-ott-11-4221]--[@b16-ott-11-4221] Additionally, CEP55 was elucidated to act as a promising prognostic predictor of malignant diseases. Chen et al[@b11-ott-11-4221] reported that CEP55 overexpression may lead to a poor prognosis in patients with oral cavity squamous cell carcinoma. Additionally, the prognosis of nasopharyngeal squamous cell carcinoma was identified to be correlated with the CEP55/Akt pathway.[@b33-ott-11-4221] Interestingly, in this study, we also found CEP55 overexpression in pN0 ESCC and identified similar significance of CEP55, showing that its overexpression can predict a lower 5-year OS and PFS of patients.

Increasing evidence has shown that CEP55 may promote the malignancy of multiple tumor cells.[@b7-ott-11-4221]--[@b9-ott-11-4221],[@b15-ott-11-4221],[@b16-ott-11-4221] Coincidentally, we identified that CEP55 was overexpressed in ESCC cell lines and individuals with ESCC in this research. The proliferative, migratory and invasive abilities of cells may be altered with the changes in CEP55 expression.[@b8-ott-11-4221],[@b12-ott-11-4221],[@b15-ott-11-4221] Additionally, in this research, we found that the downregulation of CEP55 attenuated the malignant abilities of ESCC cells, and upregulation of CEP55 promoted these malignant behaviors, with an increased OD value of 450 nm and more migrated and invaded cells. EMT is an important process of cancer metastasis, with 90% of tumors exhibiting different degrees of EMT during tumor development.[@b34-ott-11-4221]--[@b36-ott-11-4221] During this process, the epithelial cells attenuate the expression of epithelial characteristics and gain mesenchymal phenotype properties.[@b37-ott-11-4221],[@b38-ott-11-4221] In this study, we surprisingly found that the downregulation of CEP55 suppressed EMT in ESCC cells, including the upregulation of epithelial markers (E-cadherin and Claudin-1) and downregulation of mesenchymal markers (N-cadherin, Vimentin and Snail). Additionally, the upregulation of CEP55 had the reverse effect on the expression levels of the EMT markers. Thus, CEP55 modulated the migration and invasion of ESCC cells and was correlated with the metastasis of ESCC. Zhang et al once reported that CEP55 may modulate EMT in epithelial ovarian cancer, a finding that was consistent with the result in this research.[@b16-ott-11-4221]

The PI3K/Akt pathway is one of the major pro-survival pathways.[@b39-ott-11-4221] It plays an important role in regulating cell survival, cell cycle, angiogenesis, metastasis and metabolism.[@b40-ott-11-4221]--[@b42-ott-11-4221] Several studies have demonstrated that the PI3K/Akt signaling pathway is activated in the progression of ESCC.[@b43-ott-11-4221],[@b44-ott-11-4221] Additionally, CEP55 was reported to bind and interact with PI3KCA (p110), and this complex may increase the activation of Akt^S473^.[@b13-ott-11-4221],[@b45-ott-11-4221] CEP55 overexpression was elucidated to promote cell migration and invasion via PI3K/Akt in lung adenocarcinoma and hepatocellular carcinoma.[@b13-ott-11-4221],[@b15-ott-11-4221] In addition, the PI3K/Akt pathway was also demonstrated to play an important role in the process of the CEP55-mediated cell cycle in gastric cancer.[@b9-ott-11-4221] In this study, we found that the activation of Akt^S473^ and Akt^T308^ was modulated by CEP55. Thus, CEP55 knockdown decreased the expression of pAkt^S473^ and pAkt^T308^ and CEP55 overexpression increased the activation of Akt^S473^ and Akt^T308^. We hypothesized that PI3K/Akt may participate in the CEP55-modulated biological behavior of ESCC cells. Next, LY294002, wortmannin and MK2206 were used to block the PI3K/Akt pathway. Consistent with our assumption, these inhibitors partly abolished the pro-proliferation, pro-migration and pro-invasion effects and reversed the EMT of CEP55 in ESCC. Taken together, CEP55 promoted proliferation, enhanced migration and invasion by modulating EMT, at least partly, through the PI3K/Akt pathway activation.

Previous studies have demonstrated that patients may benefit from postoperative adjuvant radiotherapy after Ivor-Lewis esophagectomy and two-field lymph node dissection.[@b46-ott-11-4221],[@b47-ott-11-4221] Additionally, in this study, we found that CEP55 may predict the poor prognosis of pN0 ESCC patients after surgery. Thus, we believe that postoperative adjuvant radiotherapy may be imposed on patients with CEP55 overexpression to act as a compensation mechanism to reduce locoregional lymphatic recurrence and, in return, improve the overall survival of patients. In addition, we identified that CEP55 promoted proliferation, migration and invasion via the PI3K/Akt pathway in ESCC cells. Thus, some novel drugs targeting CEP55 or the PI3K/Akt pathway may be promising treatment modalities.

This study was retrospective and had a limited sample size. Although we are the first to demonstrate the prognostic value of CEP55 in pN0 ESCC patients, these studies should be repeated with different parameters and prospectively. Multicenter randomized studies are also needed to confirm the prognostic value of CEP55.

Conclusion
==========

CEP55 may serve as a promising predictive biomarker of pN0 ESCC patients after surgery; it can promote proliferation and enhance migration and invasion by modulating the EMT of ESCC cells via the PI3K/Akt pathway. Thus, some regimens, including postoperative adjuvant radiotherapy and target drugs, may serve as complementary treatments to improve the survival of patients with an otherwise poor prognosis.

This work was supported by the Natural Science Foundation of Shandong Province (ZR2017MH089).
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![Expression of CEP55 in ESCC and its relationship with OS and PFS.\
**Notes:** (**A**) Immunohistochemical staining of CEP55, (magnification ×400). Scale bars, 20 µm. (a) Strong immunostaining in the cytoplasm of tumor cells; (b) weak staining in noncancerous tissue. (**B**) Western blot analysis showed that CEP55 was overexpressed in ESCC compared with noncancerous tissue. (a) Quantitative analysis of CEP55 protein in 30 pairs of tissue specimens normalized to GAPDH. (b) The bands of CEP55 and GAPDH in eight representative tissue sample pairs. (**C**) Kaplan--Meier analysis and log-rank test of CEP55 for (a) OS and (b) PFS of patients in pN0 ESCC. The results are expressed as mean ± SD. ^\*\*\*^*P*\<0.001.\
**Abbreviations:** ESCC, esophageal squamous cell carcinoma; N, noncancerous tissues; OS, overall survival; PFS, progression-free survival; T, tumor tissues.](ott-11-4221Fig1){#f1-ott-11-4221}

![Cell selection and lentivirus transfection in ESCC cells.\
**Notes:** (**A**) The expression of CEP55 (a) mRNA and (b) protein in cell lines. (**B**) The expression of CEP55 protein was determined via Western blot analysis. (a) Bands and (b) quantitative analysis of CEP55 and GAPDH in CEP55-deficient Eca109 and KYSE450 cells. (a) Bands and (c) quantitative analysis of CEP55 and GAPDH in CEP55-overexpressed EC9706 cells. The results are expressed as mean ± SD. ^\*^*P*\<0.05, ^\*\*^*P*\<0.01, ^\*\*\*^*P*\<0.001.\
**Abbreviation:** ESCC, esophageal squamous cell carcinoma.](ott-11-4221Fig2){#f2-ott-11-4221}

![CEP55 promotes the proliferation of ESCC cells.\
**Notes:** (**A**) The viability of (a and b) CEP55-knockdown or (c) CEP55-overexpressed cells was measured with CCK-8 method. (**B**) Clonogenic assays were applied to evaluate the effect of CEP55 on cell growth. The images of (a and c) colony formation and (b and d) the colony formation rates are exhibited. (**C**) The tumorigenesis ability of CEP55 in vivo was measured with xenografted tumor models. The (a and c) volume and (b and d) weight of tumors were markedly changed with (a and b) CEP55 depletion or (c and d) overexpression. The results are expressed as mean ± SD. ^\*^*P*\<0.05, ^\*\*^*P*\<0.01, ^\*\*\*^*P*\<0.001.\
**Abbreviation:** ESCC, esophageal squamous cell carcinoma.](ott-11-4221Fig3){#f3-ott-11-4221}

![CEP55 promotes the migration and invasion of ESCC cells.\
**Notes:** (**A**) The (a and c, magnification ×200) representative images and (b and d, magnification ×200) percentages of cell migration. (**B**) The (a and c) representative images and (b and d) percentages of cell invasion. (**C**) Western blotting demonstrated that the expression of EMT-related markers (E-cadherin, N-cadherin, Claudin-1, Vimentin and Snail) was altered with the dysregulated CEP55. The scale bars in A and B are 50 µm. The results are expressed as mean ± SD. ^\*\*^*P*\<0.01, ^\*\*\*^*P*\<0.001.\
**Abbreviation:** ESCC, esophageal squamous cell carcinoma.](ott-11-4221Fig4){#f4-ott-11-4221}

![PI3K/Akt pathway is involved in CEP55-mediated cell proliferation, migration, invasion and EMT.\
**Notes:** (**A**) The expression levels of pAkt^S473^ and pAkt^T308^ were altered with the dysregulated CEP55. (**B**) Blockade of the PI3K/Akt pathway by LY294002, wortmannin and MK2206, respectively, markedly decreased the proliferation, migration, invasion and EMT of ESCC cells. In CEP55-overexpressed EC9706 cells, (a) increased value of OD 450 nm, and enhanced (b) cell migration and (c) invasion were abrogated. (d) The cadherin switching was also reversed. The results are expressed as the mean ± SD. ^\*^*P*\<0.05, ^\*\*\*^*P*\<0.001.\
**Abbreviations:** EMT, epithelial--mesenchymal transition; ESCC, esophageal squamous cell carcinoma.](ott-11-4221Fig5){#f5-ott-11-4221}

###### 

Correlations of CEP55 expression with the clinicopathologic characteristics in 196 FFPE tissues of pN0 ESCC patients

  Variables                No of patients   CEP55   *P*-value[a](#tfn1-ott-11-4221){ref-type="table-fn"}   
  ------------------------ ---------------- ------- ------------------------------------------------------ -----------
  Age (years)                                                                                              0.357
   ≥50                     124              75      49                                                     
   \<50                    72               49      23                                                     
  Gender                                                                                                   0.387
   Male                    149              97      52                                                     
   Female                  47               27      20                                                     
  Tumor size (cm)                                                                                          **0.012**
   ≥3                      92               67      25                                                     
   \<3                     104              57      47                                                     
  T status                                                                                                 **0.021**
   T1                      13               7       6                                                      
   T2                      84               45      39                                                     
   T3                      99               72      27                                                     
  Differentiation degree                                                                                   0.163
   Poor                    68               47      20                                                     
   Moderate--well          128              77      52                                                     

**Note:**

Chi-squared test. Bold numbers indicate the value has statistical significance.

**Abbreviations:** ESCC, esophageal squamous cell carcinoma; FFPE, formalin-fixed paraffin-embedded.

###### 

Univariate and multivariate analyses of prognostic factors in pN0 ESCC patients

  Variables                                         OS            PFS                                                                       
  ------------------------------------------------- ------------- ---------------------- ------------- ------------- ---------------------- -------------
  Age (≥50 vs \<50)                                 0.677         0.992 (0.641--1.536)   0.973         0.517         1.068 (0.729--1.565)   0.734
  Gender (male vs female)                           0.576         0.789 (0.483--1.289)   0.345         0.852         0.971 (0.620--1.521)   0.897
  Tumor size (≥3 vs \<3 cm)                         0.672         0.775 (0.503--1.192)   0.245         0.709         0.746 (0.511--1.089)   0.129
  T status (T1 vs T2 vs T3)                         \<**0.001**   2.550 (1.660--3.919)   \<**0.001**   \<**0.001**   2.820 (1.942--4.095)   \<**0.001**
  Differentiation degree (poor vs moderate--well)   **0.025**     1.249 (0.804--1.941)   0.322         **0.002**     1.443 (0.980--2.126)   0.064
  CEP55 (overexpression vs low expression)          **0.001**     1.908 (1.155--3.152)   **0.012**     **0.001**     1.597 (1.053--2.423)   **0.028**

**Note:** Bold numbers indicate the value has statistical significance.

**Abbreviations:** ESCC, esophageal squamous cell carcinoma; HR, hazard ratio; OS, overall survival; PFS, progression-free survival.
